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STATEMENT  OF  THE  PROBLEM  STUDIED 


Tht!  goal  of  this  study  was  to  theoretically  develop  and  experi¬ 
mentally  investigate  synthetic  aperture  (SA)  imaging  techniques  ap¬ 
plicable  from  the  visible  to  submillimeters  wavelength  region  of  the 
spectrum  (i.e.,  "short"  wavelengths  in  the  interval  of  0.4  m  to  1 
mm).  In  this  short  wavelength  region  it  is  assumed  that  only  inten¬ 
sity  (square  law  or  photon)  detectors  exist,  and  hence,  that  the  am¬ 
plitude  and  phase  of  the  scattered  radiation  can  not  be  detected 
directly  as  with  SA  microwave  radars.  Two  dimensional  imaging  was 
to  be  demonstrated  using  whatever  SA  data  gathering  techniques  are 
applicable  for  this  short  wavelength  region,  e.g.,  interferometric, 
ranging,  doppler,  etc.  Emphasis  was  to  be  on  multi-static  configu¬ 
rations,  i.e.,  where  soiirce(s)  and  detector(s)  are  physically  sepa¬ 
rated  by  significant  distances. 


SUMMARY  OF  RESULTS 


We  have  developed  a  number  of  different  synthetic  aperture  (SA) 
imaging  techniques  applicable  to  short  wavelength  radiation.  The  SA 
data  can  be  obtained  using  doppler,  interferometric,  or  ranging 
techniques  in  bistatic  configurations.  The  synthetic  aperture  data 
history  can  be  realized  through  relative  motion  between  the  object 
and  the  sensor  system.  In  a  broadened  context  of  SA  concepts,  the 
use  of  temporally  modulated  signal  transmission  or  the  use  of  a  scan¬ 
ning  illumination  beam  can  also  provide  an  extended  received  signal 
history  which  may  be  processed  for  high  resolution  performance.  A 
critical  feature  is  designing  the  proper  system  configuration  and 
SA  format  that  simplifies  the  subsequent  data  processing,  i.e.,  imag¬ 
ing.  In  fact,  for  example,  the  development  of  polar  formatting  for^.V 
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SA  imaging  of  rotating  objects  overcame  a  previous  limitation  inc'. 
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resolution  that  was,  in  essence,  limited  by  the  dif f icul ty  ,pf  N'j,  \ 
processing. 
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Wt'  have  typically  iMiipiias  i /.fil  i  nt  cr  t  cionn't  r  ic  SA  imaging  at  visi- 
hli‘  wavi- 1  iMigt  lis  witli  propcf  tiiniiatting  I  of  snlisfi)inMit  iiptical  pro- 
vossing  via  holographic  t  oclin  i  <iiu- s  .  In  such  an  i  nt  I'f  1  croraet  r  ic  SA 
system  it  is  the  instantaneous  relative  position  of  the  ohji>ct  in 
the  interterence  I  i  e  Ui  that  iletermiiu’  the  position  of  the  instanta- 
neons  ilata  point  in  the  SA.  In  gen>'ral  ,  gooil  two-il  imens  i  ona  1  imaging 
reiiuires  a  ci’mhination  of  t  i  e  Ki  scanning  along  with  object  motion  in 
ofvliM  to  t  ill  the  SA.  I’he  recorileii  SA  data  is  simply  tin'  inti’nsitv 
of  till'  scatti’ii'il  light  from  the  object  as  detected  with  a  large  area 
detector.  In  t  lie  ideal  situation  the  SA  data  is  in  holographic  form 
and  the  image  is  formed  by  simply  illuminating  the  SA  with  a  proper 
reconstruct  ion  wave. 

A  laboratory  t  vir  demonstrating  SA  imaging  in  visible  light  was 
assembled  under  this  grant's  tnnding.  Special  electronics,  inter- 
feivnneter,  translation  stages,  rotating  tables,  optical  modulation, 
and  polar  finmiat  film  recorders  were  part  of  the  system.  Accurate 
registation  between  the  relative  position  ot  the  object  to  the  inter¬ 
ference  fielil  and  the  data  point  position  in  the  SA  was  the  most  dil- 
ticnlt  reijn i rement  .  Snccesstnl  SA  imaging  was  demonstrated  tor  ob¬ 
jects  with  1  i  ni'ar  motiiin  and  that  fiir  objects  with  rotating  motion. 

In  the  e.irly  stages  of  the  work,  the  SA  data  was  recorded  onto 
pho t I'g ra ph i c  film  with  a  laser  beam,  the  film  was  next  developed, 
and  then  illnminateil  (as  a  hologram)  to  construct  the  image.  In  the 
latter  stages  of  the  grant,  a  near  real  time  SA  systi'm  was  demon¬ 
strated.  Here  the  SA  data  was  vlirectlv  e  1 1'c  t  ton  i  ca  1  1  v  wi  i  1 1  en  onto 
a  thermoplastic  light  raodnlatiir  (Tl.M).  (The  1’1>I  is  a  t  wo-d  imens  i  iina  1 
spatial  phase-moihi  1  at  or  that  uses  an  e  1  ec  1 1 1’n  gnn  to  wt  i  t  e  the  data 
onto  the  t  hennopl  .i  s  t  i  c  as  a  charge  indnceil  del  iirmat  i  on  .  )  The  I'lJ'l 
was  the  input  transducer  to  a  coherent  optical  processor  and  was  set 
up  to  receive  data  directly  from  t hi'  laboratory  as  it  was  being  gen¬ 
erated  for  a  rotating  object.  The  image  cvtuld  be  observed  to  t  orm 
in  real  time  in  the  output  plane  ol  the  processor. 


SA  imaging  for  the  case  of  generalized  object  motion  suggests 
that  extension  of  processing  techniques  to  a  third  dimension  may  be 
quite  useful  and  possibly  essential.  Though  algorithms  for  this  pur¬ 
pose  were  not  established,  it  is  expected  that  such  processing  could 
be  handled  digitally  (and  possibly  with  future  special-purpose  hybrid 
processor  designs.  As  we  demonstrated,  certain  relative  motions, 
such  as  linear  or  circular,  are  elegantly  and  efficiently  handled 
with  presently  available  optical  processing  methods. 
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In  conclusion,  we  point  out  that  we  have  analyzed  a  number  of  I 

different  bistatic  SA  imaging  techniques  applicable  to  short  wave¬ 
length  radiation  and  have  experimentally  demonstrated  near  real  time 

two-dimensional  SA  imaging  using  visible  light.  ' 
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